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ABSTRACT 

The  precipitation  associated  with t h r ~  intense  storm of Fptxuary 25-27, 1961, which  affected  eastern Sor th  
America, is investigated.  Vertical  motion pattorns are  computed for  successive days of the  st,orrn  using  a  method 
suggrstcd  by  Bushby,  and  based on the Sutcliffc devclop~nrrlt theory.  These  patterns  are used, together with dif- 
ferrnt,  rate of precipitation formulas, t o  calculate, precipitation  amounts.  Comparisons  with  actual amounts are 
made. A4 met,hod of quantitative  precipitatioll  forecasting is suggested. 

1. INTRODUCTION 

The  storm of February 25-27, 1961 will long  be 
remembered in  southern Quebec, not so Inuch for the  
precipitut,ion amounts  which occurred, but because the 
precipitat'ion remained  in  the  fornl of frcezir~g  rain 
throughout the period. Hcavy deposit's of icc formed 
on t8rees, and  hydro  and c,orrlrnunication  lines. Acconl- 
panyirlg st,rong northeast, winds snapped  thousands of 
hydro poles,  especially  in areas where lines  were  oriented 
at large  angles to the wind dircction.  Most of the area 
WRS wit,hout  elect,ric  power  for  three days, and some coni- 

munities did  not rct,urrr to normal  for more t h n  R week. 
Mtljor deepening of the  Low took place during  the 

period 0600 GMT February 25 (1000 m b . )  to 1800 GMT 

February 25 (978 mb.) During t,his period the cyclonic 
vorticity maximu~n  rounded t,he 500-1llb. trough :111d 

moved nort,heustwurd.  The, strong vorticity  advertion 
contributed  considerably  to the  deeperling of the surface 
Low in agreernent with t,he dcveloprncr1t forll1ula of 
Pet,t,ersserl [IO]. Another factor  which no doubt helped 
the explosive deepening was the low-level instability of 
the inflowing nmritilne  tropical  air  over the Southeastern 
United States. An exarnirmtion of the raobs OIL the 
morning of the  25th in 1,his area, and  cspec,idy of t'he 
1200 GMT Greensboro Ixob, revealed the marked  instd)il- 

ity  present in this air  mass. In general, the buoyaucg 
term contribution  t'oward  deepening of t#lle  systelrl was 
becon~ing well estt~blished by early on the 25th. 

2. THE  VERTICAL VELOCITIES IN  THE  SYSTEM 

Since t'he rates of condensation  and  precipitation  are 
largely  de,t'ermined by  the  adiabatic cooling  resultling 
from upward  motion,  it  would  appear  reasonable that in 
a system which  produces  large  areas of heavy precipita- 
tion,  there  should be an associated  large  broadscale 
upw:u-d mot'ion of air. 

The  vorticit,y  equation is  used as a basis  for  conlputlng 
vert,ical  motion. In its simplified form, neglecting  ver- 
tical advect'ion of vorticit'y,  and t,he so-called  tilt'ing- 
twist,ing  term,  it  becomes: 
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In t'he  above  the  stability r[= (tJT/tla)- (bT/ba)] is taken 
constant for the  layer, and i is the naetm vttlue of w 

(=dl)/&) for the  layer; T is  temperature, R the gas con- 
stant,  and g the  ncceleration of gravity;  and  subscript 
m designates  t'he mean vulue for the  layer. 

From  equations (2.1) and ( 2 . 2 )  and  using  the geo- 
strophic  assumption  that l= (<q/f)v2z i t  follows tha t :  

where Vn is the  t'herrnal w i n d .  
If the  assumption  is  nlude  that 0.V is a linetw fullctiotr 

of pressure, so V.V=a@-p2)  then,  since bw!dp=-VV.V 
fro111 the  equat'ion of continuit'>-, w will have  a  parabolic 
form with  respect  to  pressure,  that  is: 

Equation ( 2 . 3 )  is n Helmholtz  equation ol the for111 : 

where A arid B are  dependent  upon p o l  p , ,  g ,  12, Inem 
temperature :tnd the  Coriolis  parameter.  Since  hori- 
zontal  variations of mean temperature  and  (.hriolis 
parameter  are  small  cornpared  with  the  absolute  vdues, 
A and B can  be  treated  as  constnnt's. 

Equation (2.4) can be solved  readily 0 1 1  a cornputcr. 
Bushby [ 3 ]  found  experimentally  that il' there  is 110 

damping due to  vertical  stability  [i.e., V*(rw)=O], the 
effect is to  multiply w by 4, but  not  to chttnpe the  pattern 
appreciably.  This  multiplier was adjustcd  to 2.8 in 
order to  produce  consistency  between  the  observed 
non-advective  component of the  thickness tendency, :mtl 
the  same  corllponent as giver: by  the second tertrl i n  
equation ( 2 . 2 ) .  

If w e  restrict  t'he  method to  those situations where tlle 
1000-500-nlb. column of air  is n o t  in  neutral or unstable 
equilibriurn (r negative),  then  the vcrtic:tl velocity can 
be written  in the forrn : 
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TABLE %.---?'he total  precipitation  amount  ealcdated f o r  a a  area in 
the  track of the Low. 

~ _ _  
Time t ,- 

exposed to IO 
(11s.) 

- 1  - 

Precipitation Prccipitation 
rate P in  timo t 

(in. hr.?) (in.) 

1 Total 1 2.07 in. 

E)., (in. per 6 Ilr.)=:~S.102t:pw(ASa)8w (4.2) 

T A H L E  3 . -  L a p r  contributions lo the precipitation  rate,  and  resnltiny 
iota1 precipi tat ion rate.  (According io Godson [6].) 

~~ ~~ ~ 

Ilatcs ol grccipitation for saturatcd pseudo-adiabatic lapsc ratc wit11 a mcan vrrtical 
velocity of 10 CIIL scc.-l 

n. 04 
0. 12 

0.04 
0.10 

0.03 

0 .  17 
0.08 

0. 19 
0.13 
0 .  15 

0. I 1  

0 .  10 0.11 
0.10 
0.07 

0.13 0. 07 0.03 
0.05  0.01 _....."".. 

......"....  ~.~.......~. .."".----- 

""I 
0.89 1 0.61 0.42 
" 



ew 10 below t)hnt, level. Thus n tlleltn rate of‘ precipitation 
is given by: 

7I,,=O.X7 in.  per 6 hr. 

Hence, the total  precipitation  during the  stortll: 

P=- (0.87)=2.18 in.  15 
6 

It, should be noted fronl table 3 ,  that   the i r  111:~s~ below 
t,lle 800-mb. level  is  relat’ively  urlinlpurtarlt, i n  tho  pre- 
cipit,rxtion computation, ns the  vertical  nlotion  remains 
small near  the surface. The I l l a i n  contribution cot l l rs 
from the  layer 800-500 r n h .  

5. CONCLUSIONS 
The  method  described  provides it f‘txirly corlvrnietlt 

objective lnenns of colnput’ing  vertical  nlotions by hand. 
However,  considerable  care  must’ be taken with the gritl- 
ding  process. The  greatest’ time consunled is in c:tlcu- 
lating  the term VTb.~{&+a at’ sufficient  locations to  delinr- 
ate  the colnplet’e patt’ern. 

Precipitation amount’s, conlput’ed for the locatttion i l l  

t,he track of the region of masirnuln :1scent., result i n  
values  which  give ti11 encouraging degree of corresporldencc 
with  the amounts t’hat fell. 

Since after 1200 GMT February 25 the raobs from stll- 
tiorls near t’he stonn  center  indicated  that  the tLir masses 
were no  longer  unstable,  t’he use of Bushby’s abbreviated 
formula ( 2 . 5 )  appears  justified. The eflect of static 
st,ability  (Laplacian  term = 0) is  likely  tjo  have  resultotl 
in corlsiderably  greater  precipitation tm1out1ts, presumably 
up  to four times  those  calculated. 

The two nlet’hods  used for computing prec.ipit:bt’ion 
result’ed in almost identical  values,  Godson’s  neth hod 
producing n sli&t,ly  larger  amount’  than  that  obtnirlcd 
fro111 t’he Bmnon formula. 
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